The paper presents the numerical investigation of the convection heat and mass transfer in a hydromagnetic Carreau fluid past a vertical porous plate in presence of thermal radiation and thermal diffusion. The non -linear partial differential equations governing the flow are transformed into ordinary differential equations using the usual similarity method and the resulting similarity equations are solved numerically using Runge -Kutta shooting method. The results are presented as velocity, temperature and concentration profiles for different values of parameters entering into the problem. The effects of suction, magnetic field, thermal radiation and thermal diffusion on the skin friction, rate of heat transfer and mass transfer are presented numerically in tabular form.
Introduction
Recently, researchers in engineering and scientific field have shown great interest in the study of non -Newtonian fluids due to its importance in industrial processes. The development of the theory of non -Newtonian fluid mechanics arose from the inadequacy of the theory of Newtonian fluids in predicting the behaviours of many fluids especially those of high molecular weight.
Many authors have examined the flow, heat and mass transfer in non -Newtonian fluid of different type, most especially in power law and higher order fluids. Abel et. al. [1] examined the effects of viscous dissipation and non-uniform heat source/sink on the boundary layer flow and heat transfer characteristics of a second grade, non-Newtonian fluid through a porous medium. Ahmad [2] carried out the mathematical analysis of heat transfer effects on the axisymmetric flow of a second grade fluid over a radially stretching sheet using the homotopy analysis method. Ahmed [3] presented Lie group analysis and the basic similarity reductions for the MHD aligned slowly flowing and heat transfer in second grade fluid with neglecting the inertial terms.
Bikash [4] studied the numerical solution of the laminar flow and heat transfer of an incompressible, third grade, electrically conducting fluid impinging normal to a plane in the presence of a uniform magnetic field.
Hayat and Sajid [5] examined the steady laminar flow and heat transfer in an axisymmetric flow of a second grade fluid is induced due to linear stretching of a sheet.
Hayat et. al [6] considered the laminar flow problem of convective heat transfer for a second grade fluid over a semi-infinite plate in the presence of species concentration and chemical reaction, they gave the boundary layer analysis of the solution obtained by homotopy analysis method. Hayat et. al [7] obtained the series solutions for the flow and heat transfer problem of an incompressible and electrically conducting second grade fluid film over an unsteady stretching sheet using the homotopy analysis method. Hayat et. al [8] obtained the series solution and analyzed the convergences for heat transfer on the flow of a fourth grade fluid past a porous plate using the homotopy analysis method.
Hayat et. al. [9] examined the influences of the Hall parameter and porosity of the medium on the velocity and temperature profiles for the heat transfer on a rotating flow of a second grade fluid past a porous plate with variable suction. Hayat et. al. [10] presented analytical solutions of the equations of motion and energy of a electrically conducting fluid second grade fluid for the developed flow over a semi-infinite porous stretching sheet with slip condition.
Hayat et. al. [11] examined a two-dimensional mixed convection boundary layer magnetohydrodynamic (MHD) stagnation-point flow through a porous medium bounded by a stretching vertical plate with thermal radiation. They obtained exact solution using the method of the homotopy analysis. Kai-Long [12] studied the heat transfer on a stretching sheet cooled or heated by a high or low Prandtl number, the buoyancy parameter, the magnetic parameter, the radiation parameter, and conduction-convection coefficient for second-grade viscoelastic fluid.
Khani [13] presented an analytic approximate solution for the natural convective dissipative heat transfer of an incompressible, third grade, non-Newtonian fluid flowing past an infinite porous plate embedded in a Darcy-Forchheimer porous medium.
Olajuwon [14, 15, 16, 17, and 18] 
Mathematical Formulation
Consider an unsteady convection flow of a generalized Newtonian Carreau fluid past a moving porous plate. Let the x -axis be taken along the plate in the vertically upward direction and the y -axis be taken normal to it. Let u and v be the velocity component along the x and y directions, respectively. If x-axis is chosen along the plate and y -axis perpendicular to it, then the investigated flow does not depends on x. Hence, the continuity equation becomes
The surface is maintained at a constant temperature Tw which is higher than the constant 
Where, the radiative heat flux term is simplified by making use of the Rosseland approximation as
And the last term on the right-hand side of the concentration equation (5) signifies the thermal diffusion effect. The appropriate boundary conditions are;
Where U (at the time t = 0 the plate is impulsively set into motion with the velocity U ) is the plate characteristics velocity.
Method of solution
Introducing a dimensionless similarity variable,
Where A is constant and t is the time, such that,
and define the dimensionless quantities,
v is either constant or a function of time. Choosing,
Where, 0  c is the suction parameter. Using equations (6), (9), (10), (11) and (12) in equations (3), (4) and (5). The reduced governing equations read:
The new boundary conditions are: Reduce the boundary valued problems (12), (13) and (14) to an initial valued problem. with the initial conditions; In a shooting method, the missing (unspecified) initial condition at the initial point of the interval is assumed, and the differential equation is then integrated numerically as an initial valued problem to the terminal point. The accuracy of the assumed missing initial condition is then checked by comparing the calculated value of the dependent variable at the terminal point with its given value there. If a difference exists, another value of the missing initial condition must be assumed and the process is repeated. This process is continued until the agreement between the calculated and the given condition at the terminal point is within the specified degree of accuracy.
Infact, the essence of this method is to reduce the boundary value problem to an initial value problem and then solved using the fourth order Runge -Kutta shooting technique to find 
is the modified Reynolds number.
These dimensionless values of the local skin friction coefficient, local Nusselt number and local Sherwood number are obtained from the process of numerical computations and are presented in tables 1 -7.
Discussion of result
The combined effect of the suction, thermal radiation, thermal diffusion and the magnetic field parameter on the convection heat and mass transfer in a Carreau fluid is considered for a shear thinning case. The numerical results were obtained for values of the power index, suction, Grashof number, material parameter, Prandtl number, magnetic field parameter, Schmidt number, thermal diffusion (Soret number), thermal radiation parameter; From table 1, the skin friction decreases with increases in the power index, while the Nusselt and Sherwood number remain constant. The rate of the fluid flow increases with increase in the power index. Thus, a fluid with a higher power index flows faster. Table 3 shows that the skin friction decreases with increase in the suction parameter while the Sherwood number and the Nusselt number increase with increase in suction parameter. Hence, rate of heat and mass transfer increases with increase in the suction parameter. The rate of heat and mass transfer are not affected by the Magnetic field parameter.
Therefore, as the Magnetic field parameter increases the boundary layer thickness becomes thin. Table 5 shows that the skin friction decreases slightly with increases in the thermal Radiation parameter, the Nusselt increases with increases in the thermal Radiation parameter, while the Sherwood number decreases with increases in the thermal Radiation parameter. Thus, rate of heat transfer increases with the thermal Radiation parameter and mass transfer decreases with increase in the thermal Radiation parameter. 
